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(57) Abstract: 

PROBLEM TO BE SOLVED: To optimize the relation of 
phases between a data signal and a clock signal even 
when a duty factor of the data signal is fluctuated. 

SOLUTION: An edge detection circuit 33 of a phase 
detection circuit 31 that detects a phase difference 
between a data signal DATA and a clock signal CK 
generates an edge signal EGS at a leading and a trailing 
of the data signal DATA, a D flip-flop (D-FF) 34 stores 
and outputs a logic value of the clock signal on the 
production of the edge signal and latches the logic value 
till the succeeding edge signal is generated and then the 
D-FF provides an output of a mean phase of the clock 
signal phases at the leading and the trailing of the data 
signal DATA. A clock signal generating section 32 of the 
timing extract circuit 30 of a PLL configuration generates 
the clock CLK so that the mean phase is made zero, that 
is, the relation of phase of the data signal and the clock 
signal is optimized. 
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-rzmtiffiTzmz.. ^i#^©Sf5±^oxyv?©p 

(C. fl*tt9ffi&£®jg 1 «^©fi^±**DX>;/>^£ 
T^ST^T^DS^U^T'^P^^ (D-FF) £ 

X £ mJEfg 1 «^ <h LT D - F F (D^7 P <!7 A 

-FFWx-^A^SS^tCA^b, D-FF©m**FF± 

HaiBXyi?^JU@^«. x-^«^*0f^W«®-r«. 
Tr-^ffi-^©iL*. 0 W 0 T/i;k* £W 

MiEx^v^ffilHlSSa, x-^W^SflfSEWrffiiBifrs 

WO T/WX SfrTSXy >M§*f *W£f%> E X O R 
lHitt*«^.fcct*»«tl-*ttffittajig». 

5<a:«&Hjiii?&. 

uyzmnt T-pmnn&mmmtmm t & ^ =t 5 ic 

mllB^-f 5 >^ttmiHli&ftPLL|§]iig{Cct 9 $|£U P 



x- * «^<D£*> ±*« D17 iSRtfiL*, T*« DX7 S>ft 

^n^n^m lti^ ^w^^m^r^x^ v^m® 

SglcDffi^'A^ttS^P^A^S^ ^2©ft^ 
T&JA^StlSx-^A^^S^fBtScUfclfeSffiSltJ* 

gfcttiHBft&osg 1 ±a«oxys>j&»3B£' 

tSiTffftt5Dl7U77 F 7D77 f (D-FF) * 

y«f lfif t l/TD-F FOir n y ^ A 

Jiffi^Z.Xi] U ? P >y ^«'«* WE« 2 LTD 
-FF©t-^AM^ICA?JU, D-FFCDtB^^J: 

l^T, 

X^—9m^<DiLt>±ifi 0 R&iL^Ttf K) TA'^X ft* 
nx-> 5>fi^ft5fi£-rs*JH§ft«Afc;i £ ft«r*£ 

tj&« <o T/t;ux ft &x j?e^€Mf5 e 
xoRia»*fli^Lfcz.t*»«frs^'f 5>^tta@ 

K. 

m** 1 0 ] imbr 7 mm<D?-i 5 >^tttb[si?s(c 
<£: 5 cm 6 r-pmnt mm\B\&<Dmj]m 

/^XS*rr*XyS?fll#S3fi*-rS3^€:«/LfcJl 

cw 1 1 1 7 mm<o94 5 >^ttttj@ssic 

[■M&H 1 2 ] flfc&gf 1 1 EWOi'-f 5 >^ttWlHl?S 
JCfeV^T. WE»»lHl?SS:X^^fflV»T«5^UfcCi: 
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[0 0 0 1] 
[0 0 0 2] 

BUT. ^WHttttSfcLfcx-^fiT^S^ny* 

0ilSU^«^#^JC/h$^^§glC^-pT^-5. Z.<Dtz 

>^*#*S*ay*«^©teffiW«tt. lEfllKftiglS? 
8>Jj6lc£to'ii-s&5tf**0, L/*»t>, ^©ft^&wtc 
Wit f-^fif©WTr-^^ 

D y ^«^Otefflli»*ft!llf *sKS*«*<5. 

[0 003] 02 ottftae^x^Afcfflvva^sfcai 

3ftS«*tf lOGbpsOT*— *«*t*iWBf 
X-^<f^^b^Ot:-7 bis— b£mVm&3k<D9uy 

©^Dy^«^*ffiViTx— ^e^SiffliJf *t>©T* 

02 iax-^«^t^ny^«^(DteffiK# 

BMBBTfcO. (i)ttr-^«. (b)«*D>;/7«^T 
0«c^-r=t-5lc. «^±tCx-^D0, Dl. 

• • • **«iscsnfc«f^iT(b)ic*-r«fc , 5ic7 f — 

n. Cl©«t5K-r*itf. lESSlc-r-^WilSiJ/B^Sj 
[0 0 0 4] <hd-5T, HB©->X5rATf«, /^ffl©M 

cxftu 7*-*«^£*Dy*«*i©teffiH«a«« 

6mT L *V>. jE«^«»J»^*«T#* < ft 5 
ffiKft#R£ LTt>. IE«ft«6*T#ft < ft « pJdltt 



*tS5<ftoT<5. 

[0 0 0 5] r-^t^n-^^W 
ffiM^£&tt5LT. *jSftteffiH«^«o=t^JCteffi©J 
WrsiaK^VK-^A^aESnTlrS*. 02 2«2<1© 
DS7'J5»y7D5»^ (D-FF) i2«©-r*X#;P 

->yt7y-h(ExoR mK) ^fc i m&mm 

@8§©[II?&#IT&£(IEEE Transactions on Electron D 
evicesVOL.ED-32, No. 12 Dec. 1985 "A Self Correct in 
g Clock Recovery Circuit\Hogge, pp. 2704-2706). 0 
Ul, U4ttDl7'J7^7Dy^ (D-FF) T 

(C) , S62©«^*«A#3nS7*-*A2;*Hf- (D) 

RrflB»bfcwi«[tiB*-r*a*«Hf- (Q, *q) * 
**t*jB2«^ (da*) ©^aii^iB«itbTffi*i-s 

£#K:» (CA*> ©£1i±75* 

OXi'^ttl.tTSMta, U2, U3HEXO 
R0BT. *tl*nui. U4©DA73> QtH*©SH& 
WSnS*0iS5^£ff5 ; fo©, U5li3>/1V-^t, U 
2, U3©tB2H§^©¥*ltt (R, CmtfL<»W$.7 4 )V 

^ C L KWIEIERtf KlEe^fflfl-rs^-- hT'SS. 
[0 0 0 6] 2@ODi7 l J77 I 7D77 , Ul, U4 
<D-FF)0^ny^«^OteffiS:Stet-SCt»C«fc 
0U1, U4(D-FF)©A#f§^&tfffi;/j{=^a, 
b, c(«tl^ni2 3©SE^0-e*i- e fc'5»Cft-5. U 
2, U3 (EXOR0S&) a-tnfnui, U4 (D- 
FF)©A*{l^/ttJ*if^a, b&tfb. c ©teffllH* 
S^ft-eftffttfJU jftttltt^d, e©¥*NSS<S*7W 
MS^l/T3>AU-?U 5tAAt5. n>/N°l/— 
^U5iiU2, U3 (EXORfHl?§) ©ffiTjff *f d , e 

©¥^ffl©^*m* mjifijw^sigu 6 immzfo 

7IWD-^i§4Ul (D-FF)©^D7!?AASf 
(CJ8Hf)KA*U. i^Dy^fif©K|R(9t*U4 (D 
-FF)©*ny*Aa*?(C*mKA*-rs. 
«, fr^cft^ d y ^«^k:»^sT±BiMWIiO jBS 

U5©2^0A7J, -rftto*. U2 <EXOR@g&), 
U3 (EXOR|HlK)©ttl73*^Kft0, d©B#. x~ 
*©«f*T4my#«^#38£-r*J;3fcft*. ft 

is, . 02 3-ca5 s -^e^a©-k>^--e^ny^ft 

s ^ d y ^ «^ g ©teffiit */an ic £ o u 2 < e x o r 
sis) ottftft^o/wxtt&W/Vitfrrs. u*^l. 
U3 (EXORiHi?S)©tfci*«^©/'?;i/X'li«teffi©jS 

^/ii^l»cg8^ft<— ^T*S. ZCDtzft, 3WtV- 
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L*>L. ±E7-f-K/^y^lW»'r«»«»CU2 (EX 
ORIhIJS), U3 (EXOR0SS)ro{i}^^L<^O« 
Zriypm^g Hflr—fOiL y^—Ti^t^b <fc -5 £fc 

So 

[0 0 0 7] f-^at^Dy^(|^g©fifii|« 

jWE8<d*&. EXORig»ai*o/'«;i/xWi5"f ax 

Py N (t*—* © If y HU— hSflM>tt«s 

its £<E>lzmW\sXtt£Z>. Z<Dtztt>, EXORIhISS 
^X©Katt«fc+#fcsfc»©»>->*T-AT«. IMP 
[0008] 0 2 4te02 2 OWftSSHPft-rSfc*© 

•Jyny? (D-FF)5aSWUW2>. 7'Jy^7 
ft^Ctc£DyjrCLK£A3rr«£&iCJ:9. 5 s - 

(VCO) . 3 ciWD'^ffl^l 8 0°igMf5ji 

earned y*fcUTA»a*iTvs6. &ffi^miHi?s 

3atCi5V^T, 3a-l«DS7'Jy 77D»^7 (D-F 
Fh 3a-2«D-A°X7^;U^ (LPF) «JE(&J 

77D 7 7 (D-FF)3a-l©^-^A^^ <DS& 
^) fCA7j£*U x-^«^^D^^A73^ (CJg 
(CA7j£*l, Dl7'J777Py7 (D-FF)3a- 

i©m^^n-;-?x7^;u^3a-2T^^t:$nT«ffi$ij 
mmmiM 3 b {catjts ±5 i:*oti^. 

[0 0 0 9] D-FF&^Py^ATjSfH 1 (C*FF) tC 
A73 £ nfcft^ (r-i'ffDA T A) (Dxit> ±J&* 0 T, 

«^CL0CK) o&sar i" * fctro") *i3<tuxm^-rs 
Jt-rso se^T, 02 swam^-rct-str^p^fi 

^CLOCK ©(MB** 5 s - ^ «^ D A T A <£ 0 iiftT V » * « 
D-FFiOn-MJI/ (=E L ) (D«^D- 
FF OUT^ttJTjTS. BI2 5«(2)lC^-r«fc'5tC 

t7Uy fS^CL0CKOtt«^x- ^fl^DATA^Oit 
/kTHSJf-g-tCte, D-FFiO/WW (=E H ) 
©ff-^D- F F OUTditb^j-TSo 
[0 0 10] C©^Jg, P— AX7-r;^3a-2*>6.«^ 
D y V ff^CLOCK t^-fm^D ATA ©&ffi^JC JtflSJ 



SkiT&J:? tCteS. iiM8& 3clWD ^ffi^CLOCK© 
fiffi*l80°ilML. x-^<f^DATA«-fe>5'-Ti: 
-£±^£7Dy7CLK£m7rrSo C(D*gm, MSUIhI 
5 «v- i? >©— SA^x-^ ©-tr >^-Tr-^ 

[0 0 11] i^^T, 0 2 4©&;fB^tt)[H]?&3 atdiS 
^TD-FF©77?»HOfc»JCr-^ffDATA 
(DyLt> -h)&t 0 fc* frtA*/H V > 5> *1T US. 5 7? **T *> . 

^(x^-T-^r J&*100*©«^) tttt&nBte&Vi. Ufr 

u ^-r 5 >^-rnfc«^-«(x3.-7--f' a«io<Mn?fc 

, T'—PWmTi ATA CD-fe >^-T^7 D -v 7fif 

5. £(±©«T£0 2 6K*T= ra-T^ tcM^^I 
<. fiC*g^aJHI?S 3 atex-^f-ifDATA©^.^ 
QtZUyZ flWCLOCKflDSte ±*« 0 **— Bcf S cfc "5 (C 

iMwrs. T'jx-T-'f *«ioo%fce>tf. 026 

© ( 1 ) tc^-r i -5 ks-s ±*t 0 ^ 1 so 0 anfc 7 n 

y 7 C L K Br- ^ D A T A CD ^TiTfe ±*^» 
L*»U ^3.-T-^^100XJ;O/h$ti*^-tca. 02 6 
© (2) tC^Ti 5 (CS:*>±^ 0 — 6 1 80° igtlfc^ d 
■^CLKBf-^DATAOWTitl^?! 
I*, fa-f-f dilOO^^e-rtlfc^cltx-^fi^D A 
TA©4 ] *^e.-f t tl-5<, 

[0 0 12] 02 7«0 2 4©KJ8jfe*«¥ft-r-6fc«>© 
«£*Od'-f 5>^ttaiHlB©«fi!EHT*0. 02 4^151 

3»C*5ViT, 3 a«7D^7«-^CL0CKtx-^<f^D 
ATA©&ffi^lCJSD;t«jE«^£tB7rrSfil l wfiffi 
^ffilelK, 3dl^n y 7fi^CL0CK<hx-^ffi^©S 

ei§*DATA ©&«M tc^ c tzn&m^ &mi)-?z> 

% 2 ©&ffi^ttl0?S« 3 e «A7J $*Xfc^7 p y 7 CLOCK 
INOfiffiftlBIWUT:^ P ^«^CL0CK*|iJ73-rs{4ffl 

mnrnis* 3f\tmi. i2cotffi^miii%3a, 3 b 

©ffi7j«^©M»Cjt,i;felBJEE«^Srfi:ffi$iJP0!S3 e K 
A73T^»7>7 f , 3 g«A7Jx-^<f^DATA-I 
N*Rte"T SRfey- h , 3 c \t9 P v 9<m£ 1 8 0 0 
ilMT&iBMg&T. ^jlMgB©til73*^S'JlHlK 5 \zt> n 
y 7 C L K £ LTA7J $nxv^= 
[0 0 13] &*B&tBlHl2&3 alCfel^T, 3a-l«D^7 
U?77D77 (D-FFh 3a-2«P-AX7-r;^ 
» WSItS 3 e <b ttlT: $ n-5 7 a y ^ «*§CL 

0CK^DS7 U y77D 7 7 (D-F F) 3a-l ©x— ^ A 
(Dffl^) JcATlSn, r-i'i^DATA^ 
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nyZAJjMT (C*?) \ZAjj2tl, DM7 l )vZf7 
Uy7° (D- F F)3a-l©Qa^j*«D— Jl/^3a- 
2-C¥^{b^nT^»Jfit@g§3 f ©IE&ATjSS^KA* 
fiffi«ttJlHl!ft3dK*lr»T, 3d-lttDffl7Uy 
7°7Uy7' (D-FF). 3d-2ttD-/tX7^;U^* 

M*DM7 U 7^7D'^ (D - F F) 3d-l ©f-^ A# 

r-^i^DATA^D-^AAS? 1 <C»f) \Z 
A73£=h, DS7'J<^7Dy7 F (D-FF)3d-l©* 

i" . " o" ) roste***-rs. 

[0 0 14] £©02 7<D?-1 5 >^tttii!Hl?S 3 D 
-F F£H@iiijnLT. x— :*©ir£±#0£:W-T?& 

U 2^©f£*§&ffl|§li83 a, 3d©tti#©¥i5*i-& 

U feffi&ffi@&3 a©Qffl#<h&4§&tHlH]?§3 b©£ 
fittlTJ (*Qffi#) ^L<fcSi:5K:tt«iH»lira83 

OCK0D&ffi$rjSM§B3 c T180°3lM-rS tx-^©-fe> 
iS'-T^ D >;/ ^ C L K^38£T£<fc 5 
[0 0 15] 

t, d - f F*«iijnsn* ci i:iz&^T®i&m&&mm 

[0 0 16] «±*&, *»W©BWtt. KaBMWng 

«WStt3f*»l«-r<5^i:A»T*<&fi*ttlHiattSJ(|« 
[0 0 17] 

[■ISftfttSfcftOfffl 0 1 fttf B 2 tt*389I® 
lK«I&BJ§g|T&3. El 1 Kttfrvr. 3 0 tt^-f 5 >^ffl 
WlHlKtUTWPLLlHlJS-efeO, 3lW#ny£«J» 
CLK,tT-5'i^DATAr B l£DfifiS^|iltl.fiffi 
&tti HIEft, 3 2 1 to 5 <fc "5 C * P y f 



(S3 1 KiSHT, 3 3{i5 ; -5'fi^DATA©S;^±^* 

^ai^BGSftttiAf dXy^WUBII. 3 4teSgl© 
•WA**n6fDy^A*W (C«Hf) v Sg2© 

fcttafiswfc-rsmaifiH? (qmff) ^ 1 fa 

moiL*,±ifl o >?owsnr*»t6» 2 {f^©l&Sffi 

fi£ ±# DI7 £T«JTr £> DS!7 U -y 7° 

7D 7 y (D-FF) Tfe^o Xy^{i#EGS£«li2 
^lfi^tUTD-FFW^P^^A^J^ (Cig^) 
ICATjU ^P^f^CLK£iMfESfl2{l*t,fcUTD 

<fc 9 x~:5Mf A T A £ ^ P y # ft^C L KHCfiffl 
gtlSDfci^^^tS. H2l:fiHT. DATA(i 
"T-ZmWl&M. EGSBli/^M CLKIW 
Py^«^WC&3= 

[0 0 1 8] ^WM-T-A-®ra-T>r 00*-? 
a&fl«. T-^I^DATA©i^J:*{0X7i'i:]i'5 
TA { 0 17 yffi^ p 7 7fa^C L K tc*fT U 
\Zto%>. Z.<DtzSb. Xy^ttttlBns SA^IViVd- (0 
2 4#Rg) tHOCfttf^-rs., ra-r ^MOOX 

t fcO'J^<, U&»*>. x-^m^DATAWiffei^o 
^D7^fl^CLK©S^±i!iiO t— 8cl/TV>5 t^- 
nf^ x— ^{g^DATAW&^T^OKjtfLT^Dy 
*«*CLK©ttffl!&tiIftTJI*.S (i2(a)#I) . 
D-FFOfflW>&ll P3# (&-£±7&*9, iL-feT* s 
0) ©^P^^ffi^CLKtC*tT^4ffi^©¥^ttJ^ 
Sn**^, £#£LT^ny£^CLK©firt§3&*S 

[0 0 19] ^P^{i^CLK©&ffi#iMr£, 
M^DATA©fi%±d50<J;D^O7?ifCLKO 
tt«3Wt*, T-^«^©it^T^0^e^p^ 

T A ©it*. ±# 0 ^ £> ©^ D >;/ ^7 C L K ©ft4S©it 
*l.!:r-^ffl^DATA©SST* s 0A^O^ny^ 

ffi^c l K©fiffi©anft&«-srr6 1 <h 2 (t>># 

H) , D - F F © tftfj © @ (ffi«*»-Sc L 

x-^©-fe>^-T^^-TS^i:^T#, ^SiJlH)2S«Ci3 
©D — F F tl7 ^ttllHlgStrJ; 0ttffi^HJleI?S^«lfi£ 
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CO 0 2 0] Iyy«ffl@!S3 3tt. ©«Sfi£# pffiM 
j6l0XyS*tfttt.|sl(8«, x-^«^£SJt5&$ 

®T^ilM[Hl!St, x-;5Mf^<hiiMlHlSg©m#ffi^<h 

towtmmwfomn&ff •? tr- ^«^©&i=. ±a* o s. 

AST** 0 T/WX SsTTSXy 5?«^*«4-r4 E 
>SMIIJ!§©tB7j«^£ 5 *-> bT £ft 6> 
S5*lJ-S:IB;LTVi<&. £1 4 ©Xy v?^tt}(5J?Sli.. x— 

So 

[0 0 2 1] 

(a) ffiffi^misiK 

(a) fl|f£ 

Hl&tt, §tLfcf-^DATAt^D7?flm 

3 3tDS7'J7^7Dyy(D-FF)3 4TM$n 
TH*. X->v^{tilHSS3 3tt. T-?I^DATAO 

UTxyv»m^EGssaa*-rs. di7U7^d 7 

y (D-FF) 3 411 JBl(0«m*Sn5i'Oy 
*A2lWF(CJtT> . J6 2 

atj«?- <Dssm R^aB*Lfc»a«*m*-rsm* 

iffp <Q*m SUA, *l«*©A"6±A«0flDWBK: 
&tt6|g2«^©|$Sffi£f21gbTm#?-S£#lC> g* 

^afiSr^©^ i ±# o 3rc«*rrs. 

[0 0 2 2] HJSMTH XyS?flWEGS*MB*l 
I^iLTD-FF^D77AASf (C«f) tCA 
AU *Dy*«*§aOCK*j|&8E«2flH»£LTD-F 
F©x-^A^J«^ (D^) KATJb. x-^ft^D 
ATAO4S±^0, St*T*«0 (X7-^EGS) 
T^Py*f§^©HSfli C 0" 1" ) SrfBtS 

D S i LTtU*t4 i5 IC&'aT^*. I7'^EG 
S D y 4r«#CL0CKOffifflJ: 0J8^V»S« 

gl2 5TIKBJLfCct-5(C, D-FFiO O— U 
(=E L ) OfiWB«ttl«WttJ*L, l7yfl§E 



G S ©{£«## D «;/ ^«^CL0CK©&f§«fc •? ilftTHS 

D-FFio/wi/'yp (e h ) ©ttffi^ai 

[0 0 2 3] (b) r-^j&«IOOXeiT©«^©ttffi 

X3— r->rM00X<tO/h$<, b;&>%>, r-^DA 
TA©j£-fe±d^0^Py^fi^CLK©]fe^±^t)i: 

-at/Tv^ttmi x— ^fi^DATA©a:^T* 5 

0 tC*t bT^ P s» ^«^C L KCffliAWlS. a9**»S 
ttRfcfcHT. 7 s -*«*t©Sr6±**Dfc:J;SD-FF 
m*©¥^ffi«0f^ffl <0U*.«E o ) AST 
j&tOlc.fc'&D-FFttWjttn— km, (m«E L #;p 
h) tteS. COn-K^JHm»4tt«jm«KflfflF 

[0 0 2 4] ±E©ttlBit)'b^Dy^«^CLKO(fl: 
ffi^'il tf t , fr— ^DATAWvffeli'OiO^D 
y^e#CLK©ffi*!S«Ji*., T-^i^©4^ 

T^*D^e» ©^d-> ^{H^©{*ffi©jsn^vjN$ < 

ICtSD-FFfflWin-MiPt^U, P— 

jSDfcffl, atttiti. T-fiLt, ±a« o icis^ -a ^ p 

f-^fi^DATA©4^±^t)!5^©^D-7^MC 
LK©firffi©il*-»tx-^«^DATA©S:ST^0 
*^0?O7?i^CLK ©4HI©SnftW* b < & £ 

£, ffi«BIHi«^PDS©5p^w;i/«E 0 t^:S. 
[0 0 2 5] (c) x:i-7Va ? 100:S«±© *&©{£*§ 

ra- T--r*«10<»J;D*#<, b;&>fc, r-^«^DA 
T A ©AS ±3&t 0 D y C L K ©£S±#t 0 t 

— ScLT^StTtltf. r-^i^DATA©4%B« 

«K43V>T. 5*-^«*»©ir-6±*tl5JC«fc«D-FFlH 
»©WM»Wf«« (^JA«E 0 ) fc»:**t, iLST*i 
0lC«t*D-FFffl*»i/WU^ (^J^.«E H #;i/ 

&ffi^ffl{i^PDs©¥^u^;w4jS^ffitcjsi;fc 

[0 0 2 6] ±IB©W9i«fc 0 fc? P y ^^©ffiffid'S 
n5t> r-^'i^DATAroiSi^O.k^a^i' 

o ft e> ©^ d ^ ^ ft ^©^©it^-a^/hs < ^s. ci 

©fci£>, x-^fi^©SlS±^0tC e fcSD-FFm*« 
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i-5D-F Ftts^«;w wwt&g, /w 

sp^ u^;u«/\'f i^wnm t a- womr$<Dmzfc 

zm^'DitLm&nmtT-fiLt.TtfD \z&rtz>? ay 

[0 0 2 7] *LT, x-:5Mf^DATA©irfc±#9 
DATA©&STfr'9a>'b©^D>;/^{f^CLK©ffi*B 

©ai**&«SL<fcs£. ffiffi«ia«#PDs©^u^ 

;i/«E 0 t/j:S„ £(±£9, EI3 0teffi^ajlHl?S{Cj;n 
«, l"S>cDD-FFTx-^«^c7)SL-fe±*iO<i:3i-feT 
*« 0 © M7j ©9#,6 K *5 1 * $ * p y ^ fltfg L , >ft 

*t\<D<m<»¥-i!%mzfovtzm*:m-?zm^*Mii?& 

Srr-&fc©K:tt, itfe±J&««J tSf6T«*0©*jeBI**» 

«i:/^c?f ^ >yATT-^$ 1 / 2 ©ft *tT&-S> 
<b*l£. £©££, Ify h©*B'^?fi•5±*«DJ&«38£■r 
a*#i:5i%TalO#38£i-S**tt:^i;^c 1 /4 £ft 

*l©f££T£«8sm#{Cm (1-m) tUZ>. tot, 
^*l^tt©titf§©#MM©¥i5ffl£fflV>*lf£> x-^t 

[0 0 2 8] (d) S?&tt}&ffillS&©SSI 1 *Mt*J 

ffjft»HT*0, 3 3ttXy^J»miHl», 3 4HDS7 
VyZfyny? (D-FF) T'&Z>. W. x-^ff^D 

X9i^fl]BM3 3fcfewr, 4 1!if-?f^D 
ATA&m«8#Pp^SM-ri>ilMlsl?S, 4 2\ty : -^m^ 
DATAi»SiaiS©ttttMB^DATA' SrSIISLTx 
-^(S^©Sl^ x# 0 Rtftt^T^ 0 TAVPX Sr^-f S 
Xyi^f^EGS£^£T3*P8§T&£. EI5{C*T 
=k-5»C, "0"©U"^l/£ + , 'l"fl51/^M-ttnii. 
DATA, DATA' ©»3ffiJ&«Hi;*£lCfcM*tt + . 

£%±tf9£&«Ttf9©&Ttt9tt£fA&:Sfcti>. El 
[0 0 2 9] ( e ) X.y 3»&ttitttt]EI&©$ 2 KlMtsJ 

m 6 ax y v^misiK©^ i iBMottjttg. 0 7 «s& 

fm^ST&O, 3 3«X^v^tttlHl?S, 3 4ttDl7 
Vy-Tyuy? (D-FF) T&S. Xy^OIS 
3K43HT. 4 1 «x— ^M^-DATASr^BfP^jlM 
-TsaMHSS, 4 3^-^^DATAtjSMlH]^© 



ttttMt^DATA' ©#ffcM§il«ft«&£fToTx-* 

f§^©3:-£ ±d* 0 Rt/Si^T^ 0 T/t;i^x 4WTI.X7 

v'if^-EGSSr^-r^EXO RmK (^^X^JU— > 
y^-Ty-h) g|7tC*-f i-SlCx-^W^D 

A T A ©£% ±*t 0 <h il-fe T# 0 ©*TlMHlt;&«Jlfc £ 
fefev M^TS^±*^Xy EGS^EXOR 
leI?S4 3fribl±i73£tl£. 
[0 0 3 0] ( f ) x y S?&tH&tHlUK©SfS 3 fHM0iJ 
B8t*X?$;ttU@&©$3^M©ttj$BI. ®9«5 
*U-©Ifc«r*i3, 3 3ttXy^ttta@8S, 3 4«D 
S7U7^7D^^ (D-FF) Xy^fUB 
!S3 3H*3^T. 4 1 «r-?I^DATAM»1 
j!5£-r-S»MlHl!§. 4 4«DBM (y7*)PA , 7>XK5 
+D-) T&9> 20©A7jfa^DATA, DATA' * 

7>XK = W4 4(t Jg 1 ©ft ^ I N 1 (^J^.«x- 
?^data)#— #$J:3^;wcA*£ft, r^ffld 
-f )MD*ffl? y •JWT-T.Znfzm 1 ©*S^-ffl h 5 >X 
T 1 <b? 2 -©«*f-I-N-2 rfcKIJf X- * D A- 
TA' ^c«3-f;ncA*sn, x^fflrKJU©* 

P B 1^ y 0 ttJ7J«^£Ifc 0 ttJTfg 2 ©&-&ffl h 5 >X 

T2i. 4 0©^ Kj&«H*©flitttr;p— ^jaass 

n. *<Dmi<D*IM&W\Zf&l<Dl£&hy>Z.Tl<D=. 

jfc«3-f;w»»an, iS2©*fftttB»c»2©»-&h 

[0 0 3 1] DBM (^7*^/\*7>XK5^) «, Jg 

1, I2ff INI, IN2 ©ffitt©tt*^*>-a-t:itJ U 
T*W*«H 9 ©iSiSST^T J; 5 &®*fe£* L> fflTj^ 
fiOfl, ^2«-^I Nl. I N2£if6#Lfcffitt© 
li^0UT^iB73-ri>o iWJ;^:, DBM (y*y;PA'7 

2fi^INl, I N2 tLTr-^II^DATA, MM 
r-^«^DATA' ZA73^-Z>£. M4 iimmz?- 

t5X^yi^EGS^f?.ft5. 

[0 0 3 2] ( g ) X y ^tti^m^<Dm 4 nffim 
iiom y i?&mtBim<nm 4 mmmomi&m, m 1 1 

«»f^«JgEIT*0. 3 3(XXyi^HJ|5]S&, 3 4IJD 
l7 l J77'7Di;7' (D-FF) Xyi?ttHJ0 
K3 3tC43^T. 4 5«x-^ft^DATA^»U, 

-rs«»»[eliS> 4 6tt®»|sI^©ttl73<£:^&SSitLTx 
- ^ fa ^D A T A ©£"£ 0 1 lE-fe 0 T±t> 
S/tJUXSrW-TSXy E G S &mtiTz>±%i&m 

KT«lfi£^tlfc^l, ^2©¥«S8ilS4 6b, 46c 

t. m, *2©iiMSSE«E»©m**-&j«-r<&*7y- 

h4 6 dTMShl). 
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[0 0 3 3] ft#-|alB4 5©AiilM^a, bRt*£& 

sssBsg 4 6 »#gB»<i^ c ~ f msmt>m^ g «b i 

gteA2>«^ac7)a;-fe±#0, £T£T#9Tir£±#5 
^M4lftSXyxM4ft. ftoT, 010©! 
y v'&tHBBS 3 3 <fc 0 < x-^ft^DATA»S:^±^ 

:/-?**. x^^4 5 a \,mm*m8znrzfti&uf&& 

BSflWrTS. "Tfcfe-S. lOGbpsfDx-^ft^ate-Sfii 
£0X^4 5 a«H5»U te^TSWLTilMx-^ 
i^btbTl^<5. «^b<oa®^fP B mx^^4 5 
a©*;*.;:J;»)mS&T?#, B 1 3 \z^T kofc 

mimm x am en-s=t 5 .::■*©«;* sKse-rtitf , « 

[0 0 3 4] (B) 5 >^&W[h1?& 

(a) mm. 

««BT* 0.30 tt*-f 5 >^HHHB!S, 5 0 ttftgij 
B&T&&. *-fS>^ifi{iiBSg3 Ott, mcMVk (B 

ffi^CLKS^T&fccDT&O. P L LTftfiEStl, 
&ffi&ttJBS&3 1, *Dy*«*H&£S3 2£#LTlr* 
S. ^S'JlHjgS 5 OfWD-^CLKO^'f 5>^T 
x-^fc^DATASBffJLTWZrr*. teffi^ffiBSS 
3 1 »B3(C^rttffitttttBB&B-"«>BA6«>LTV» 
S. ffctoS. ffi«&fflB&3 lttXyi*tftttBB3 3 
tDl7Uy^70j»^(D-FF) 34Sr«X., 5 s — 
9 IS^ D A T A 0 (CiS ft -5 £ D y 9 ffi^CDfi: 

fiffit«i;fctt««iw«^PDs*tti*-rs. fot, 

E L ©{iffi&fflffi^PDS£ttl7rr5. 
[0 0 3 5] ^Py^«^fg£g&3 2«, f£ffitfctt}ffl^ 

6ii, v^)v&$km<»mMm*¥-m\:-rz>)\<--?7 
07^«^clkswd 7 ^ m^&m £ 1 8o°iiM l 

1t9 a y^OTCLK' &R£-r«ttEffl»&£8g (V 
CO) 6 3MU ^D>^I§CLK' £&*B&ffl0 
?S3 1©D-FF05*— ^A*JSHfK7-f— H/^y^L 

[0 0 3 6] (b)ffijf^ 
{ftffl^tt}0?§3 lttx— *flHtDATA©Sr6±*«r)lC 



«Wiifi^PDS*ttl;bL. ?Dy?flHHE£B3 2tt¥ 

ATA<DS[-6±^0fC*5^S^Py^ft#CLK' CDil 
*Xtt«B(*St^4it*ttffiB) tT-^DATA» 
3£^T#0tc£ttS^P^«^CLK' <Z>2i3H&4gfi 

<*5v>tt>snttffi«) < & o . (Sffi^mw^PDs 

m^DATA©7 ; 3.-T--c*ilOO«T^:<Tfc^P^^C 
LK*f-^©>Pi^ttl)Ii!il5Tt, f&S'JB&5 

[0037] (c) mi^mm 

Bl 5»4^-f 5>^*WHHBO»UB»«»r*0. Bl 

4 ©^*£0»J<h!p|— .SWiJ-Kttra— !9F#*#LTVia. IB 1 
g»W*X y ^ttUBK 33^04 td^-Tx y S?&ttlB 
«TBj0ebfcWP* 0— 4-1-te.x— :*fI^D AT ASrdf 

{l^D A T A tSMIfllKffi* L-Tx-^ffi^-WiL 

5 ±j&* 0 RrtttfeT** 0 trnjl/X *ftl>X y vm^ E 
GS£5g£-T&. 

[0038] (d) w,2mzm 

B 1 6 5 >^fflttJB&c7)fg 2 Ox Bl 
4c7)HSg^ji:|5l-gK^-(c(ilR|-^Sr#UTV^. #g2 

&mmizx.y v&ajiaisg 33*06 v^ajB 

»T?«»SUfc«T*0, 4 1(iT-^fi^DATA^ 
jeWHUJMT S3BSB&. 4 3 tt E X O R B&Tifc 0 . 

x-^ii^- d a t a t mmm^mti t ® amMBftat 
;ux*wrsx^ -^fli#E g s *«*-rs. 

[0 0 3 9] (e) £3XJ*M 

Bii7ttM5 >ifmm^<om 3 vmwnz$> 0 . b 1 

SB»««Xy i^tttflBB 33S08 K^TXy i;tt(ilB 
»T?«jSLfc«T?*0. 4 l«x-^fS^DATASrm 
«WfWaK-r-6jB«B», 4 4ttS^T*0, X-^ 

<DiLt> ±ffi 0 Rtxs:*. Ta* 0 s*f ax ^ s?b 

[0 0 4 0] (f ) S4« 
Bl 8tt^'f 5>^«iaBK©»4*»ifi|T*0. Bl 

4©3*afi«tra-ai5»icttra-«F^*#LTv»-&. sg4 

ymmzz-v ^MlBBB 3 3 SB 1 0 i:Stxyi?^(ii 
B&T$j£Lfc0iJT&O. 4 5Ht-^DATA£ 
*»"TS«»Btt. 4 6 it±^mm^X\ SS^B2Sc7) 

% Tifi 0 7?/tJU^ JrftSXy i?{S^ E G S ft«*"r 
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S. 

[0041] (g) ms^mm 

3£#«ttxy -^mniifs 3 3 £0 1 2 ic^-rx^ 
sa»rs«»@is&«fi£-rs^^^(siub). 4 6M& 

* H^©&"£ ±*« 0 RZfi±L*>T& 0 -V/VIX Sr*-r SI 

SW§S-rst>©T«fc^. 
[0 0 4 2] 

[»9i©8&*] «±**w»cintf, ^-^^©xy 

W CD — .F F) T^tffi^Hi!e|S^*BH£L-. jR{!fc|§&ttJ 
H&tex- i?mnoiL*> 0 t &*.T^ 0 ©n^ 

\ZLftfr<o. ^©i'5IC2 0©D-FFFBlT©teffiiB 

-T-SCttfT**. £HC, Xy^KUSIta. (1) iSM 
III»£SeJHBt?. (2) JlMlHlSStEXORIil 

(3) a^0?Si:5 4 1 +)-r > 
(4) tt»HIKt^«»«E@»-p, feSVitt. (5) 

ffittffll§l&©lE]B&tfE&/hS < Ti*S. 
[0 0 4 3] j£fc, *^B^tCctta«, ±I2{4ffi^miHl?S 
£#-f"S P L L TiS'-f 5 >^tttfl@(SS*J«Lfc*»6, 

*^BJ(C=tntf, (M&W0l6©l§l(&»B!*/hS<-C* 
*fc«>, mi^'f 5 >^ttti3lHl?S©|5|gS^t>/h$ 
<T#S= 

[0®«<ffl*^UiW] 

[Hi] *&wv>Mmm (*s/&) 
[02] *$m<»®Mm mm) t&s„ 

[0 3] d[ffl^ffl|Hl!S<D«!fiE0-ea&5>. 



[04] ffiffittffl0ttlC£ttSXy5>ttffi@»©i6l* 

[0 5] 04©ljMtt£J&0T&S„ 

[06] {£ffl&ttJ[I]&lC;fcttSXy:^ffi@&©gl2^ 

[0 7] 0 6 ©RffcSBBBT**. 
[08] teffi^ai[Hl?§tC*3^SX^^ailHl!S(D^3* 
MtsjT&S,, 

[09] s=*-*J-©»«»t*<&. 

[010] {4ffi^l±ilHl?SfC*5(t?)X->^tbI5I?ScD^4 

IWiJT&S. 

[01 1] 01 0©»flsi£H*BT*5. 

[01 2] *#IS§&S;**:/TWri6Lfc»4£lfifll©Se 
fgfiSJT&S. 

[013] 01 2©»fls»7BBT»S. 

[014] 5 >^ttmiHl&©|$/5E0T&S. 

[015] ^'S>#ftlttlHtt.©jSlJHRMT&«. 

[016] ^-f 5>^»tiligiS©»2SB}U«T**. 

[0 1 7 ] iS'-f 5 >>/ftJ]ttllIISf&©Sg 3*JBWffas.- 

[018] ^'f 5>^«ffi@K©SM&JN»JT&5. 

[019] ^-f5>^ttaiaKS©lg5*Jg«T*<&. 

[02 0] >6gfi«0^ny^HT*S. 

[02 1] 5*-^«^t^ny^t©ffi*H«t*-rH 
Tr&So 

[02 2] «£*©ffl[ffi««lHl»©^Dy^HT*S. 
[0 2 3] 0 2 2©»jf£)£fl20T&S. 
[02 4] t£5fe©*-f 5>^J&ai0i&©#t/&0T&S. 
[02 5] D-FFC<kSttffltftffi^-f A^ir— HT* 

So 

[02 6] ?z.—y : -'(tflOQ%<Dm&RZfm%UncDm-£ 
©D - F F fc: ±SffitetftHJWflBT?*S. 
[02 7] «*©M©^-f 5 >^«lttl0K©«fi£0Tfe 

So 

3 0 • • ^5>^jattiIII?S<tLT©PLL[5]g§ 

3 1 • • t£ffitfcffl|H]& 

3 2 • -iray9mtt£M 

3 3 • 'lyi^fflSII 

3 4 . . DS7U7 7'7D7 7' (D-F F) 
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[01] 




305>-f5>?*#i totalis 

(PLL) 



CLK 



data — mhfmmm 



EGS 



•31 



[03] 



CLK 



DATA 




■^34 PDS 



[04] 



CLK 



DATA 




'34 



41 i^aisj 
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[02] 



o t J_ / / o 



DATA 




EGS 



CLK 



DATA 



EGS 



CLK 



/ 


r i 


^ — 7 




/ 




IT'J 




^3 




V7 


.-an 



(12) 



[05] 

0 1 0 0 1 1 



DATA 0(V) 



OAT A' 0(v) . 



EGS 








• 
i 

— i i 
i 


— b 

i 




nJ 


1 — t- 

i 





[0 6] 



CLK 



DATA 




DATA' 



[07] 



DATA 



J — L 



DATA' 



egs n n n n 
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[08] 



CLK 



DATA 




y r - 

3* 



\ 



\ 



\ 







IW1 o-^ 
(DATA) _J 



DM 



T2 



-o OUT 
(EGS) 



IN2 
(DATA') 



[09] 



INI 
(DATA) 


IN2 
(DATA') 


a 


b 


c 


d 


OUT(EGS) 


+• 


. + 


+ 




+ 


GNO 




+ 




+ 






GND 






+ 




+ 


GND 














GNO 


+ 


+ 



(14) 



&m¥\ 1-122232 



[01 0] 



[015] 



CLOCK 




a 
b.c 



e 
f 



[011] 



J L_ 

n -ir 

_n 

n_ 

Jl_TL 



JL 

IT 

JL 



J~L_ 



_TL_ 
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[012] 




'45a | x^5/* 



.[0=1=3,]. 



+ 
o- 



+ 
o 



[02 0] 
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T 
2 



_L 



mm 



mm 



1^3 
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II 4] 



1 6] 
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a 
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O 
LO 
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o 
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O 

CD 



CVJ 

CD 
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ro 
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5 r 
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o 
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X 
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o 

ro 
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Vo 

CD 



CD 



CD 



CD 



ro 
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rO 



o 



X 
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Sg 

11/ 
V 
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ro: 



(HI 

•A 



mm 



8§ 
(3 



rO 



12 1] 



h 



(b) OQvO 



L 
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II 7] 



mi si 



*-r5>s p ttdJiatt<D*4*#0! 



< 



o 

LO 



_l 

o 



r 1 



O 
O 
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r 



LL 

I 

Q 



CO 



o 

rO 
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CD 
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CD 



□ 



m 

A 
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ff/ 
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a 

M 
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O 
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O 

o 
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3' 

LU 



CD i 
rO I 

in 1 
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CD 
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•ft 
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II 9] 



12 2] 



Q 

1 



*1 
—J 

o 

k 



o 

ro 

A. 



O 

o 
> 



o 
rQ 

CO 



1^3 , 



jrO 



o 



OJ 
ro 



* 

Qlpj 
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□ 

II 



Sg 
© 

-A- 
til 
V 
<?■> 



CD 



HI 

(si 



Hi ro 



ro 
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[gl2 3] 



r 



1 r 



_n_j~L 



rL_n_ 



_TL_n. 



J~L 



n_n_ 
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12 4] 




DATA IN o- 



© DATA OUT 



JL 




3C 



CLOCK 



r J 1 




T 
3b 



D Q 
C 



3a-2 
_J 



3o-1 



LPF 
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[02 5] 



CLOCK ._ 


(b) 


D-FF 


(c) - 




D 




DATA 


(0) 






1 


0 


0 


1 > 



D-FF out 



(a) DATA. 



(b) CLOCK _ 




(2) <Po^(DHLm f mA,x\^m^ 
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DATA 



CLOCK 



CLK 




(1) ?*-T-<1f\00%®i$>-£ 



rn 



DATA 



CLOCK 



CLK 




(2) xa— ?*J& f 100#«fcU'JvSl l *£- 



(22) 



1#§8¥1 1-122232 



[02 7] 



DATA IN o- 



CLOCK IN o- 
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